A multi-isotope approach in combination with hydrochemical data and borehole logging is applied to identify the source of brackish groundwater in a borehole in the well field of Neksø Municipal 
INTRODUCTION
Enhanced electrical conductivities (. 2,100 mS/cm) are recorded in a 118 m deep borehole (DGU 247.248) Most of these occurrences of brackish groundwater are located below the highest shorelines of the postglacial Flandrian transgression (7000 -3000 yr BP) and owing to influence from the Baltic Sea and its precursors (Lindewald 1985; Kankainen 1986; Kankainen et al. 1987; Nurmi et al. 1988; Né grel et al. 2005) . However, upconing of brackish formation water or high salinity brines from the crystalline basement has also been suggested (Karro et al. 2004; Né grel et al. 2005) . It is the objective of the present study to evaluate the possible sources of brackish groundwater in the fractured sandstone aquifer by combining hydrochemical characteristics and environmentally stable isotopes Water samples were collected in pre-rinsed polyethylene bottles. Water samples for major and minor ion analyses were filtered through a 0.45 mm pore diameter filter. Major cations (Na, K, Ca and Mg) were determined by atomic absorption spectrophotometry (AAS). Analyses of anions were carried out on a Dionex DX120 ion chromotograph. The accuracy of the analyses was estimated from electroneutrality (EN (%)) (Appelo & Postma 1996) :
which is within^5% for all samples.
Twelve depth-specific water samples were collected for oxygen, hydrogen and strontium isotope analyses. The oxygen isotope ratio was determined by equilibration of 5 ml of sample with CO 2 gas as described by Epstein & Mayeda (1953) . The analyses were carried out on a VG Sira 10 mass spectrometer with automatic inlet. The deuterium measurements on the water samples were carried out on a The measurements of 14 C activities were performed on CO 2 gas expelled from the water samples by acidification with phosphoric acid (Boaretto et al. 1998 
RESULTS AND DISCUSSION
Flow log and caliper log 
HYDROCHEMISTRY OF MAJOR IONS
The major ion hydrochemistry of groundwater samples obtained from well DGU 246.248 and from other boreholes in the well field are shown in Table 1 Plots of the Ca/Na, Mg/Na and Cl/Na ratios versus depth in well DGU 247.248 are shown in Figure 6 .
The Cl/Na ratios are relatively constant and close to the seawater composition throughout the water column. (electroneutrality %) (Appelo & Postma 1996) Well DGU no. But it is worth noting that the Cl/Br ratios in water samples below the halocline are remarkably constant (Cl/Br (wt) , 140), which suggest that they have a common source.
The second water type reveals typically low Cl/Br ratios (Cl/Br (wt) 55 -65) and are recorded in groundwater from the production wells DGU 247.2E, DGU 247.5, DGU 247.5B, DGU 247.5C and DGU 247.604 ( Figure 7 ).
The Cl/Br (wt) ratio in a natural groundwater system typically has a wide range from 40 -300 (Davis et al. 1998; Rao et al. 2005) . Extraordinarily low Cl/Br ratios may indicate ratios in the interval 100-150 are similar to ratios found by extracting Cl and Br from granites and metamorphic rocks (Davis et al. 1998 ) and, furthermore, it is noted that saline formation waters from the Scandinavian crystalline basement tend to have elevated Br concentrations relative to modern seawater (Nordstrom et al. 1989) . Therefore, the concentration of Br in groundwater of the Neksø Sandstone aquifer points to the influence of saline formation water from the bedrock rather than seawater intrusion.
STABLE ISOTOPE ( 2 H AND 18 O) DISTRIBUTION
The vertical distribution of the stable oxygen and hydrogen isotopes is shown in Figure 8 and the results are given in Table 2 . Both isotopes reveal a significant stratification of the standing water body which is consistent with the results of the electrical conductivity logs and the major ion hydrochemistry. The relationship between oxygen and hydrogen isotopic compositions is shown in Figure 9 . (Figures 8 and 9 ).
The trend observed suggests that the brackish groundwater is infiltrated under cooler climatic conditions.
The relationship between the distributions of d
O and
Cl concentrations is shown in Figure 10 . Table 2 and is shown in Figure 11 . The Sr isotope ratios decrease significantly from 0.7131 to 0.7106 from the top of the water column downwards to 40 m bmp at the interface between fresh and brackish groundwater. The Sr isotope ratio is fairly stable but slightly decreasing below the ,0.7092 (Faure 1986 (Figures 12 and 13 ).
C ACTIVITIES
The determination of 14 C activities in dissolved inorganic carbon (DIC) was performed on water samples collected from above and below the halocline in well DGU 247.248 in order to estimate the groundwater ages. Furthermore, the 14 C activities were measured in water samples collected from two other boreholes in the well field, well DGU 247.5
and well DGU 247.5B.
However, groundwater ages determined from measured 14 C activities in (DIC) are based on the estimate of the initial concentration of 14 C at the time of recharge and the subsequent modification of DIC during transport within the aquifer. Generally, these modifications dilute the 14 C signal, which results in overestimation of the groundwater age. A number of correction models have been used to estimate groundwater ages (Clark & Fritz 1999; Kalin 2000) but they are all subject to uncertainties since substantial correction requires a profound knowledge of carbonate hydrochemistry in the recharge area, which generally is not available. Therefore, it is emphasized that the calculated apparent 14 C ages are considered as residence time indicators and the values should not be taken at face value.
In this study the d 13 C mixing model (Pearson & Hanshaw 1970 ) is adopted according to the application in Furthermore, the dissolution processes is assumed to take place in a "closed system" scenario. In such case the corrected 14 C concentrations are calculated from 14 C cor ¼ 14 C mes ð225Þ=d 13 C mes ð7Þ and the apparent 14 C groundwater age is calculated from
The results are presented in Table 3 . The measured stable carbon isotope ratios are given as d 13 C in permil (‰) Sr ratios and Cl/Na ratios in water samples from well DGU 247.248. The seawater ratio is shown for comparison. (Nordstrom et al. 1989; Né grel et al. 2003 Né grel et al. , 2005 . A comprehensive overview is given by Né grel et al. (Lindewald 1985; Kankainen 1986; Kankainen et al. 1987; Nurmi et al. 1988) . However, it is also known that deepseated brines may influence active aquifer systems in the basement and the overlying sandstone reservoirs (Karro et al. 2004; Né grel et al. 2005) . 
